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©  Universal  image  coder  and  controller  for  multicolor  electrolytic  printing. 

  Apparatus  for  locally  coding  image  information  and  then 
controlling  the  delivery  of  voltage  pulses  based  thereon  to 
the  print  electrodes  of  a  matrix  printer  for  multicolored 
image  reproduction  is  described.  Control  of  the  print  elec- 
trode  pulses  is  based  on  both  pulse  amplitude  and  pulse 
width  variations.  This  concurrent  control  capability  facilitates 
multicolor  printing  using  a  dye  matrix  that  has  interleaved 
dyes  which  are  alternately  amplitude  and  duration  sensitive. 

The  control  apparatus  reads  the  image  data,  which 
define  a  set  of  pulse  profiles  for  the  particular  dye  matrix 
used,  into  the  memory  (26).  Thereafter,  this  information  is 
incrementally  retrieved  by  scanning  register  means  (28)  and 
delivered  simultaneously  to  all  of  the  printer's  electrodes 
(10).  After  all  memory  information  is  printed,  it  is  reloaded 
and  the  new  image  information  is  printed.  It  is  possible  to 
vary  the  bit  patterns  of  the  memory  retrieval  means  to  effect 
dynamic  changes  in  the  printed  result,  particularly to  achieve 
gray  scale  control. 





T h i s   i n v e n t i o n   i s   c o n c e r n e d   w i t h   a p p a r a t u s   f o r   c o d i n g  

and  c o n t r o l l i n g   s i g n a l   g e n e r a t i o n   a t   e a c h   of  a  p l u r a l i t y  

of  w r i t e   e l e c t r o d e s   of  o u t p u t   d e v i c e s .   More  p a r t i c u l a r l y ,  

t h i s   i n v e n t i o n   i s   d i r e c t e d   to  a  c o n t r o l l e r   f o r   a  m a t r i x  

p r i n t e r   h a v i n g   a  l a r g e   number   of  o u t p u t   e l e c t r o d e s   t h a t  

mus t   e a c h   be  s e p a r a t e l y   e n e r g i z e d   by  a  u n i q u e   v o l t a g e  

p u l s e   to  p r o d u c e   a  v i s i b l e   p i x e l   of  p r e d e t e r m i n e d   c o l o r .  

I t   i s   w e l l   known  t h a t   p r i n t i n g   can  be  e f f e c t e d   on  a  s u i t -  

a b l e   r e c o r d i n g   medium  u s i n g   a p p r o p r i a t e   e l e c t r i c a l   s i g n a l s .  

D e p e n d i n g   upon  t h e   n a t u r e   of  t he   r e c o r d i n g   med ium,   t h e  

p r i n t i n g   may  be  b a s e d   upon  e l e c t r o c h e m i c a l ,   e l e c t r o t h e r m a l ,  

e l e c t r o e r o s i o n   or  e l e c t r o l y t i c   p h e n o m e n a .   R e g a r d l e s s   o f  

t h e   u n d e r l y i n g   b a s i s   t h e r e f o r ,   p r i n t i n g   i s   a c h i e v e d   b y  

a p p l y i n g   a  c o n t i n u o u s   or  p u l s e d   e l e c t r i c a l   s i g n a l   to   o n e  

or  more  w r i t e   e l e c t r o d e s .   In  t h e   c a s e   of  p u l s e   b a s e d   p r i n t -  

i n g ,   i t   i s   known  t h a t   t h e   p u l s e s   may  be  c o n t r o l l e d   by  c a u s -  

ing  v a r i a t i o n s   in  p u l s e   w i d t h   or  a m p l i t u d e .  

In  a l l   p r i n t e r s   t h a t   u t i l i z e   e l e c t r o s e n s i t i v e   r e c o r d i n g  

m e d i u m s ,   i t   i s   p o s s i b l e   to  e f f e c t   p r i n t i n g   by  a p p l y i n g   a  

v o l t a g e   of  s u f f i c i e n t   a m p l i t u d e ,   o v e r   a  p r e d e t e r m i n e d  

t i m e   p e r i o d ,   to   t h e   w r i t e   s t y l i   of  t h e   p a r t i c u l a r   p r i n t e r  

i n v o l v e d .   T h u s ,   t h e   a b i l i t y   to  " w r i t e "   on  an  e l e c t r o s e n -  

s i t i v e   r e c o r d i n g   medium  is   c h i e f l y   a  f u n c t i o n   of  t h e  

a m p l i t u d e   a n d / o r   d u r a t i o n   of  t he   v o l t a g e   p u l s e s   a p p l i e d  

to  t h e   p r i n t   s t y l i   or  e l e c t r o d e s   and  of  t he   p a r t i c u l a r  

t y p e   of  r e c o r d i n g   medium  i n v o l v e d .   In  t h o s e   p r i n t e r s  

whe re   t h e   r e c o r d i n g   medium  is   moved  d u r i n g   p r i n t i n g ,   t h e  

o v e r w h e l m i n g   m a j o r i t y   t h e r e o f   r e l i e s   o n l y   on  e l e c t r o d e  

a m p l i t u d e   v a r i a t i o n s   to  c a u s e   p r i n t i n g   s i n c e   v a r i a t i o n s  

in  t he   r e l a t i v e   d i f f e r e n c e   b e t w e e n   the   s p e e d   a t   w h i c h  



t h e   r e c o r d i n g   medium  i s   moved  and  t h e   s p e e d   a t   w h i c h   a  

w r i t e   c y c l e   was  f o r m e r l y   c o m p l e t e d ,   i n c l u d i n g   t h e   p o i n t  

or  p o i n t s   w i t h i n   a  w r i t e   c y c l e   a t   w h i c h   a  p i x e l   i s  

s t a r t e d   and  c o m p l e t e d ,   w o u l d   c a u s e   r e g i s t r a t i o n   e r r o r s  

t h a t   a d v e r s e l y   a f f e c t   p r i n t   q u a l i t y   u n l e s s   c o m p e n s a t e d  

f o r .   Such   c o m p e n s a t i o n   i s   e i t h e r   more   e x p e n s i v e   t h a n   t h e  

s a v i n g s   a f f o r d e d   by  t h e   u s e   of  w r i t e   p u l s e   w i d t h   c o n t r o l  

or  r e q u i r e s   t h a t   t h e   r e c o r d i n g   med ium  be  s l o w e d   a p p r e c i a b -  

ly  or  s t o p p e d   d u r i n g   t h e   p r i n t e r ' s   w r i t e   c y c l e ,   w h i c h  

w o u l d   a d v e r s e l y   i m p a c t   i t s   t h r u p u t   r a t e .  

E x c e p t   f o r   t h i s   r e g i s t r a t i o n   p r o b l e m   and  t h e   c o s t   or  p e r -  
f o r m a n c e   p e n a l t y   r e q u i r e d   to   c o m p e n s a t e   t h e r e f o r ,   t h e  

t i m e   v a r i a t i o n   m e t h o d   w o u l d   f i n d   w i d e s p r e a d   f a v o r   as  i t  

w o u l d   a l l o w   t h e   use   of   f u l l y   s a t u r a t e d   d e v i c e s   and  a l s o  

a v o i d   t h e   n e e d   to   u t i l i z e   v a r i a b l e   d r i v e   v o l t a g e s   f o r  

t h e   w r i t e   e l e c t r o d e s .   T h i s ,   in   t u r n ,   w o u l d   r e s u l t   in  i n -  

c r e a s e d   o p e r a t i n g   e f f i c i e n c y ,   l o w e r   p o w e r   c o n s u m p t i o n ,  

and  r e d u c e d   h e a t   b u i l d u p   and  d i s s i p a t i o n   p r o b l e m s .   An 

e x a m p l e   of  a  c u r r e n t   u t i l i z a t i o n   of  t h i s   m e t h o d   w i l l   b e  

f o u n d   in   p e n d i n g   U n i t e d   S t a t e s   P a t e n t   A p p l i c a t i o n   S e r i a l  

Number   323  843  w h i c h   was  f i l e d   on  23  N o v e m b e r   1981  i n  

t h e   names   of  J .   P a w l e t k o   e t   a l .  

P r i o r   a r t   a t t e m p t s   to  u t i l i z e   t i m e - v a r i e d ,   c o n s t a n t   a m p l i -  

t u d e   p u l s e s   a r e   known.   One  s u c h   t y p i c a l   p r i o r   a r t   a r r a n g e -  
ment   i s   d e s c r i b e d   in  U n i t e d   S t a t e s   P a t e n t   N o .  3   441  946  

w h i c h   i s s u e d   to  E.  Rudy  on  29  A p r i l   1969 .   The  Rudy  c i r -  

c u i t r y   i s   i n t e n d e d   to  s u p p l y   w r i t e   s i g n a l s   in  a  s i n g l e  

s t y l u s   r e c o r d e r   t h a t   u s e s   e l e c t r o s e n s i t i v e   p a p e r .   M o r e  

p a r t i c u l a r l y ,   t h i s   w r i t e   c o n t r o l   c i r c u i t r y   i s   a d a p t e d   t o  

v a r y   t h e   f r e q u e n c y   of  w r i t e   p u l s e s   as  a  f u n c t i o n   of  t h e  

s p e e d   a t   w h i c h   t h e   r e c o r d i n g   med ium  i s   d r i v e n   u n d e r   t h e  

p r i n t   s t y l u s .   T h u s ,   t h e   d e s i g n e r   i s   a b l e   to   c o m p e n s a t e  



f o r   d i f f e r i n g   r e c o r d i n g   c o n d i t i o n s   and  s p e e d s   and  c o n t r o l  

t h e   d e g r e e   to   w h i c h   t h e   medium  is   m a r k e d .  

U n i t e d   S t a t e s   P a t e n t   N o .  3   553  718,   w h i c h   i s s u e d   to   A. 

S c h i e r h o r s t   e t   a l ,   on  5  J a n u a r y   1971 ,   d e s c r i b e s   a n o t h e r  

p r i o r   a r t   p r i n t e r   w h e r e i n   t i m e - b a s e d   c o n t r o l   of  a  w r i t e  

e l e c t r o d e   i s   e m p l o y e d .   In  S c h i e r h o r s t   e t   a l ,   a  c o n s t a n t  

a m p l i t u d e   c u r r e n t   p u l s e   i s   s e q u e n t i a l l y   a p p l i e d   to   a  

p l u r a l i t y   of  w r i t e   s t y l i ,   t h e   d u r a t i o n   of  s a i d   p u l s e  

b e i n g   p r o p o r t i o n a l   to  t h e   s i g n a l   to  be  r e c o r d e d   so  t h a t  

t he   s h a d i n g   of  t he   r e c o r d i n g   r e p r e s e n t s   t h e   a m p l i t u d e   o f  

t h e   s i g n a l .  

U n i t e d   S t a t e s   P a t e n t   N o .  3   6 1 3  1 0 3 ,   w h i c h   was  i s s u e d   t o  

C.  H a r r i s   on  12  O c t o b e r   1971 ,   i s   a l s o   of  i n t e r e s t   f o r   i t s  

t e a c h i n g   of  an  e l e c t r o l y t i c   r e c o r d e r   w h e r e i n   an  a n a l o g  

s i g n a l   to   be  r e c o r d e d   i s   c o n v e r t e d   to   a  s e r i e s   of  p u l s e s  

w i t h   r i s e s   s p a c e d   in  i n v e r s e   p r o p o r t i o n   to   t h e   a m p l i t u d e  

of  t h e   a n a l o g   s i g n a l .   C o n t r o l   c i r c u i t r y   t h e r e f o r   i s  

a d a p t e d   to   c r e a t e   t h i s   p u l s e   s e r i e s   and  t h e r e a f t e r   u t i l i z e  

t he   same  to  t r i g g e r   a  p u l s e   g e n e r a t o r   whose   o u t p u t   i s   a  

c o r r e s p o n d i n g   s e r i e s   of  c o n s t a n t   a m p l i t u d e   w r i t e   p u l s e s  

h a v i n g   a  s p a t i a l   d e n s i t y   t h a t   i s   p r o p o r t i o n a l   to  t h e  

o r i g i n a l   s i g n a l   a m p l i t u d e .  

U n i t e d   S t a t e s   P a t e n t   N o .  3   846  801,   w h i c h   was  g r a n t e d   t o  

H.  DuMont  e t   a l   on  5  N o v e m b e r   1974 ,   i s   y e t   a n o t h e r   t y p i c -  

a l   p r i o r   a r t   e f f o r t   t h a t   u t i l i z e s   t i m e - b a s e d   p r i n t i n g  

c o n t r o l .   S p e c i f i c a l l y ,   DuMont  e t   al  d e s c r i b e s   an  a r r a n g e -  

ment   f o r   s e q u e n t i a l l y   a c t i v a t i n g   a  m u l t i p l i c i t y   o f  

j u x t a p o s e d   w r i t i n g   e l e c t r o d e s .   To  p r o d u c e   t h e   s e q u e n t i a l  

o p e r a t i o n   of  t he   w r i t e   e l e c t r o d e s ,   a  t i m e - d i v i s i o n   d e m u l -  

t i p l e x e r   i s   u s e d   to  d i s t r i b u t e   t i m e   s u b d i v i s i o n s   of  t h e  

s i g n a l   to  t h e   r e s p e c t i v e   e l e c t r o d e s .   The  DuMont  e t   a l  

c o n t r o l   a r r a n g e m e n t   i s   f u r t h e r   a d a p t e d   so  t h a t   t h e  



w r i t e   e l e c t r o d e s   a r e   a c t i v a t e d   f o r   j u s t   one  p u l s e   e a c h  

d u r i n g   a n y  o n e   c l o c k   p e r i o d .  

I t   has   b e e n   d e m o n s t r a t e d   t h a t   m u l t i c o l o r   e l e c t r o l y t i c  

p r i n t i n g   can   be  a c c o m p l i s h e d   by  t h e   j u d i c i o u s   use   of   a n  

a p p r o p r i a t e   dye  m a t r i x ,   a p p l i e d   to   or  i n c o r p o r a t e d   i n  

t h e   s u r f a c e   l a y e r   of  a  r e c o r d i n g   m e d i u m .   Each   dye  in  t h e  

m a t r i x   p r o d u c e s   a  d i f f e r e n t   c o l o r   when  e l e c t r o l y t i c a l l y  

e x c i t e d   by  a  u n i q u e   p u l s e ,   e a c h   of  t h e s e   u n i q u e   p u l s e s  

h a v i n g   a  d i f f e r e n t   t h r e s h o l d   a m p l i t u d e   or  w i d t h   t h a t  

t o g g l e s   c o l o r ,   t h a t   i s ,   a  d i f f e r e n t   e x c i t a t i o n   p r o f i l e .  

U n f o r t u n a t e l y ,   n o n e   of  t h e   f o r e g o i n g   p r i o r   a r t   w r i t e  

e l e c t r o d e   c o n t r o l   a r r a n g e m e n t s   a r e   s u i t a b l e   f o r   u s e   i n  

an  o p e r a t i n g   e n v i r o n m e n t   t h a t   r e q u i r e s   i m a g e   c o d i n g   a n d  

c o n t r o l   of  b o t h   a m p l i t u d e   and  p u l s e   w i d t h   r e g u l a t e d   w r i t e  

p u l s e s ,   p a r t i c u l a r l y   to   a c h i e v e   m u l t i c o l o r e d   p r i n t i n g .  

Fo r   an  e x a m p l e   of   one  p r i o r   a r t   e f f o r t   to   e l e c t r o l y t i c a l -  

ly  o b t a i n   s u c h   p r i n t i n g   c a p a b i l i t y   and  c o n t r o l   m e a n s  

t h e r e f o r ,   s ee   U n i t e d   S t a t e s   P a t e n t   N o .  3   654  095,   w h i c h  

was  g r a n t e d   to   D.  K o o n t z   e t   a l   on  4  A p r i l   1972 .   F u r t h e r -  

m o r e ,   none   of  t h e   p r i o r   a r t   d e v i c e s   a r e   r e a d i l y   e m p l o y a b l e  

in  a  m a t r i x   p r i n t e r   h a v i n g   a  l a r g e   n u m b e r   of  e l e c t r o d e s ,  

on  t h e   o r d e r   of  a t   l e a s t   s e v e r a l   h u n d r e d ,   p a r t i c u l a r l y  

w h e r e   t h e   a c t u a l   p r i n t i n g   o p e r a t i o n   i s   a c c o m p l i s h e d   w i t h  

a  c o n t i n u o u s l y   m o v i n g   r e c o r d i n g   med ium.   Such  d e v i c e s   w o u l d  

e i t h e r   c a u s e   u n a c c e p t a b l e   p r i n t   r e g i s t r a t i o n   e r r o r s   o r  

s i m p l y   n o t   be  a d a p t a b l e   to   t h e   r e q u i r e m e n t s   of  c u r r e n t  

m a t r i x   p r i n t e r s   t h a t   m i g h t   p r i n t   m u l t i c o l o r e d   d o c u m e n t s  

by  s i m u l t a n e o u s l y   e n e r g i z i n g   a  l a r g e   n u m b e r   of  p r i n t  

e l e c t r o d e s   w i t h   one   of  s e v e r a l   u n i q u e   w r i t e   p u l s e s .  

A c c o r d i n g l y ,   i t   i s   a  p r i n c i p a l   o b j e c t   of  t h e   p r e s e n t   i n -  

v e n t i o n   to  p r o v i d e   a  u n i v e r s a l   image   c o d e r   and  p r i n t  

e l e c t r o d e   c o n t r o l l e r   t h a t   w i l l   e f f e c t i v e l y   u t i l i z e   c o n -  



c u r r e n t   p u l s e   a m p l i t u d e   and  w i d t h   c o n t r o l   to  a c h i e v e  

m u l t i c o l o r e d   p r i n t i n g .  

I t   i s   a l s o   a  p r i n c i p a l   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   s u c h   a  c o n t r o l   means   t h a t   m i n i m i z e s   t h e   n u m -  

b e r   of  d a t a   i n p u t   and  c o n t r o l   l i n e s .  

I t   i s   a  f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to  p r o -  
v i d e   a  m a t r i x   p r i n t   e l e c t r o d e   c o n t r o l l e r   t h a t   can  b e  

d y n a m i c a l l y   a l t e r e d   to  e f f e c t   g r a y   s c a l e   c h a n g e s .  

T h e s e   and  o t h e r   o b j e c t s   of  t he   p r e s e n t   i n v e n t i o n   a r e  

a c h i e v e d   by  p r o v i d i n g   code  e x p a n s i o n   means   t h a t   w i l l   c o n -  

v e r t   i n f o r m a t i o n   f rom  an  e x t e r n a l   s o u r c e   c o n c e r n i n g   t h e  

d e s i r e d   s t a t e   of  e a c h   o u t p u t   node   or  p r i n t   e l e c t r o d e   i n -  

to   a  l o c a l   code   f o r m a t   of  k  b i t   w o r d s ,   one  word  b e i n g  

p r o v i d e d   f o r   e a c h   node  to  be  c o n t r o l l e d .   Each  l o c a l  

code   word  i s   u t i l i z e d   on  a  g r o u p   b a s i s ,   t h e   n u m b e r   o f  

b i t s   in  e a c h   g r o u p   b e i n g   s u f f i c i e n t   to  i d e n t i f y   t h e  

a m p l i t u d e   of  t h e   p u l s e   to  be  a p p l i e d   to  a  p a r t i c u l a r  

node  and  t h e   number   of  g r o u p s   p e r   word   c o r r e s p o n d i n g   t o  

t h e   maximum  number   of  d u r a t i o n   i n c r e m e n t s   of  a  p u l s e .  

The  e x p a n d e d   code   is   s t o r e d   by  g r o u p   in  s t o r a g e   m e a n s  

p r o v i d e d   f o r   t h a t   p u r p o s e .  

The  s t o r a g e   means   i s   s c a n n e d   by  a  p l u r a l i t y   of  s c a n n i n g  

r e g i s t e r s ,   one  such   r e g i s t e r   b e i n g   p r o v i d e d   f o r   e a c h   w o r d  

b i t   g r o u p .   The  scan   r e g i s t e r   means   a r e   l o a d e d   w i t h   p r e d e -  

f i n e d   b i t   p a t t e r n s   p r i o r   to  a c t u a l   s c a n .   L o g i c   c i r c u i t  

means   a r e   u t i l i z e d   to  c o m p a r e   t h e   s t a t e   of  e a c h   c e l l   o f  

t he   s t o r a g e   means   and  the   b i t   p a t t e r n   of  e a c h   s c a n n i n g  

r e g i s t e r .   The  o u t p u t   of  t he   l o g i c   c i r c u i t   means   is   t h e n  

f o r w a r d e d   to  o u t p u t   node  c i r c u i t   means   or  d r i v e r s   t h a t  



c o d e d   i n f o r m a t i o n   i n t o   t h e   code   e x p a n s i o n   and  s t o r a g e  

means   and  to  s e q u e n c e   t h e   s c a n n i n g   o r d e r   of  t h e   s c a n n i n g  

r e g i s t e r s .  

The  i n v e n t i o n   w i l l   be  d e s c r i b e d   f u r t h e r ,   by  way  of  p r e -  

f e r r e d   e x a m p l e s   t h e r e o f ,   w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y -  

i n g   d r a w i n g s   w h e r e i n :  

F i g u r e   1  s c h e m a t i c a l l y   i l l u s t r a t e s   a  s i m p l i f i e d  

r e p r e s e n t a t i o n   of   e l e c t r o l y t i c   p r i n t i n g ;  

F i g u r e s   2a  g r a p h i c a l l y   d e p i c t   t h e   r e l a t i o n s h i p   b e -  

t h r o u g h   2d  t w e e n   e x c i t a t i o n   p u l s e   a m p l i t u d e   a n d  

d u r a t i o n   f o r   s e v e r a l   e x a m p l e   c o l o r s   t o  

be  p r i n t e d ;  

F i g u r e   3  shows   a  f u n c t i o n a l   d i a g r a m   of  an  i m a g e  

c o d e r   and  c o n t r o l l e r   t h a t   has   b e e n   i m -  

p l e m e n t e d   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n ;  

F i g u r e   4  i l l u s t r a t e s   t h e   i n t e r n a l   a r r a n g e m e n t   o f  

t h e   s t o r a g e   a r r a y   i n c l u d e d   in  t he   F i g u r e  

3  c o n t r o l l e r ;  

F i g u r e   5  d e p i c t s   a  t i m i n g   d i a g r a m   f o r   t h e   c o n t r o l l e r  

of   F i g u r e   3  s h o w i n g   i t s   d a t a   l o a d i n g   a n d  

i m a g e   r e p r o d u c t i o n   s t a t e s ;  

F i g u r e   6  g r a p h i c a l l y   i l l u s t r a t e s   t h e   p u l s e   a m p l i -  

t u d e - w i d t h   r e l a t i o n s h i p   f o r   a l l   p h a s e s  

of  t h e   p u l s e   r e q u i r e d   to   p r i n t   a  p i x e l  

of  p r e d e t e r m i n e d   c o l o r ;  



F i g u r e   7  s c h e m a t i c a l l y   i l l u s t r a t e s   a  c o n t r o l l e r  

t h a t   has   b e e n   a d a p t e d ,   in  a c c o r d a n c e  

w i t h   t h e   p r e s e n t   i n v e n t i o n ,   to   c o n t r o l  

p r i n t i n g   u s i n g   a  s e v e n   c o l o r   dye  m a t r i x ;  

F i g u r e   8  s c h e m a t i c a l l y   d e p i c t s   t h e   u t i l i z a t i o n   o f  

t he   F i g u r e   6  p u l s e   p r o f i l e   in   t h e   F i g u r e  

7  c o n t r o l l e r   to   c a u s e   p r o p e r   v o l t a g e  

a p p l i c a t i o n   to  one  of  t h e   p r i n t   e l e c -  

t r o d e s ;   a n d  

F i g u r e   9  shows  a  t i m i n g   d i a g r a m   f o r   t h e   c o n t r o l l e r  

of  F i g u r e   7  t h a t   d e p i c t s   t h e   d a t a   l o a d i n g  

and  image   r e p r o d u c t i o n   s t a t e s   t h e r e o f .  

As  has   b e e n   d e m o n s t r a t e d   in  t h e   p r i o r   a r t ,   e l e c t r o l y t i c  

p r i n t i n g   can  be  a c c o m p l i s h e d   by  c o n t r o l l i n g   t h e   v o l t a g e  

or  t h e   p u l s e   w i d t h   of  a  s i g n a l   a p p l i e d   to   a  p r i n t   e l e c -  

t r o d e   10  in  a  p r i n t e r ,   as  i s   s c h e m a t i c a l l y   shown  i n  

F i g u r e   1.  By  i n j e c t i n g   an  a p p r o p r i a t e   c u r r e n t   (I)  i n t o  

t h e   s u r f a c e   l a y e r   1 2  o f   a  t r e a t e d   r e c o r d i n g   medium  14 

f rom  e l e c t r o d e   10,  v i s i b l e   p i x e l s   can  be  c r e a t e d .   I t  

has   a l s o   been   d e m o n s t r a t e d   t h a t   m u l t i c o l o r   p r i n t i n g   c a n  

be  a c h i e v e d   i f   t he   r e c o r d i n g   medium  t r e a t m e n t   i n v o l v e s  

t h e   use   of  a  s u i t a b l e   dye  m a t r i x .   The  d y e s   t h a t   a r e  

u t i l i z e d   in  t he   m a t r i x   a r e   e a c h   r e s p o n s i v e   to   a  p a r t i c u -  
l a r   t h r e s h o l d   v o l t a g e   a m p l i t u d e   or  w i d t h .   In  p r i n t i n g ,  

e a c h   dye  p r o d u c e s   a  p r e d e t e r m i n e d   c o l o r e d   p i x e l   i n  

r e s p o n s e   to  a p p r o p r i a t e   e x c i t a t i o n .  

T h e r e   a r e ,   h o w e v e r ,   s i g n i f i c a n t   b a r r i e r s   to  t h e   e f f e c t i v e  

u t i l i z a t i o n   of  such  dye  m a t r i c e s .   In  p a r t i c u l a r ,   i t   w o u l d  

be  d i f f i c u l t ,   i f   no t   i m p o s s i b l e ,   to  e f f e c t i v e l y   p r o v i d e  

s e v e r a l   d i f f e r e n t   e x c i t a t i o n   v o l t a g e s   f o r   e a c h   of  h u n d r e d s  

of  w r i t e   e l e c t r o d e s   a t   s u b s t a n t i a l l y   t h e   same  i n s t a n t   u s i n g  



t h e   p r i o r   a r t   c o n t r o l   a p p a r a t u s .   T h i s   s u g g e s t s   t h a t   a n  

e f f e c t i v e   c o n t r o l   means   n e e d   be  c r e a t e d   in  o r d e r   to   f i r s t  

g e n e r a t e   t h e   m u l t i p l e   c o m b i n a t i o n s   of  p r i n t   p u l s e   a m p l i t u d e  

and  w i d t h   t h a t   a r e   n e e d e d   and  t h e n   a p p l y   t h e   c o r r e c t   p u l s e  

to   e a c h   e l e c t r o d e   when  h u n d r e d s   of  e l e c t r o d e s   may  be  r e -  

q u i r e d   f o r   h i g h   s p e e d   p r i n t i n g .   F u r t h e r ,   due  to   t h e   f a c t  

t h a t   t h e r e   i s   a  l i m i t e d   v o l t a g e   s c a l e ,   in  t h e   o r d e r   of  t e n  

v o l t s ,   f r o m   w h i c h   to   s e l e c t   e x c i t a t i o n   v o l t a g e s   in   a  " l o w "  

v o l t a g e   e l e c t r o l y t i c   p r i n t e r ,   i t   may  be  n e c e s s a r y   to   c o n -  

t r o l   e l e c t r o d e   v o l t a g e s   on  b o t h   an  a m p l i t u d e   and  d u r a t i o n  

b a s i s ,   s i n c e   t h e   a m p l i t u d e   s c a l e   m i g h t   n o t   be  l a r g e   e n o u g h  

to   a c c o m m o d a t e   t h e   s e v e r a l   d i s t i n c t   dye  minimum  and  t h r e s -  

h o l d   v o l t a g e s   t h a t   w o u l d   be  n e e d e d .   T h i s   p a r t i c u l a r   c o n -  

t r o l   f a c i l i t y   i s   n o t   f o u n d   in  t h e   p r i o r   a r t .  

F i g u r e s   2a ,   2b,  2c  and  2d  g r a p h i c a l l y   i l l u s t r a t e ,   by  w a y  
of  e x a m p l e ,   t h e   p r i n t   e x c i t a t i o n   p u l s e   a m p l i t u d e - w i d t h  

r e l a t i o n s h i p s   t h a t   w o u l d   be  i n v o l v e d   and  n e e d   be  a c c o m m o -  

d a t e d .   In  t h e s e   d i a g r a m s ,   t h e   h o r i z o n t a l   a x i s   i s   u s e d   t o  

r e p r e s e n t   t i m e   ( t ) ,   p a r t i c u l a r l y   t h a t   of  p u l s e   w i d t h   o r  

d u r a t i o n .   Each   i n c r e m e n t   on  t h i s   a x i s   i s   d e s i g n a t e d   as  a  

" p h a s e " ;   e t c . ,   w i t h   p h a s e   1  =  t l  -   t 0 ,   p h a s e   2  =  t 2  -   t l ,  

. . . .  ,  e t c .   The  v e r t i c a l   a x i s   of  t he   d i a g r a m s   is   u s e d   t o  

r e p r e s e n t   v o l t a g e   a m p l i t u d e ,   t h e   p u l s e   t h r e s h o l d   v o l t a g e  

(V)  l e v e l s ;   i . e . ,   V0,  V1,  V2,  V3,  . . .  ,   e t c .   T h i s   a x i s  

can  a l s o   be  u s e d   to   r e p r e s e n t   t h e   c u r r e n t   l e v e l s   b e i n g  

e m p l o y e d   s i n c e   V  =  IR  and  r e s i s t a n c e   R  i s   r e l a t i v e l y   c o n -  

s t a n t .  

I t   w i l l   be  a s s u m e d   f o r   p u r p o s e s   of  t h i s   p o r t i o n   of  t h e  

d e s c r i p t i o n ,   t h a t   a  t h r e e   dye  s y s t e m   is   to  be  u s e d   in  a  

s a m p l e   m a t r i x .   The  t h r e e   d y e s ,   x,  y  and  z  p r o d u c e   c o l o r s  

X,  Y  and  Z,  r e s p e c t i v e l y ,   when  e x c i t e d   by  an  a p p r o p r i a t e  

w r i t e   p u l s e .   The  f i r s t   dye  x  is   t ime   s e n s i t i v e   and  p r o -  

d u c e s   a  p i x e l   of   c o l o r   X  on  t he   r e c o r d i n g   medium  w h e n  



p r o p e r l y   e x c i t e d .   T h i s   means   t h a t   a  p u l s e   of  m i n i m u m  

a m p l i t u d e   mus t   be  a p p l i e d   f o r   a t   l e a s t   t h e   t h r e s h o l d   d u -  

r a t i o n   of  dye  x.  As  shown  in  F i g u r e   2a,   c o l o r   X  is   g e n e r -  
a t e d   by  a p p l y i n g   a  p u l s e   16  of  v o l t a g e   a m p l i t u d e   V2  a n d  

p u l s e   w i d t h   t4  to   t he   dye  m a t r i x .   Dye  y  i s   an  a m p l i t u d e  

s e n s i t i v e   t y p e   and  w i l l   p r o d u c e   a  p i x e l   of  c o l o r   Y  p r o -  
v i d e d   i t s   t h r e s h o l d   v o l t a g e   of  V6  i s   r e a c h e d   or  e x c e e d e d  

f o r   i t s   minimum  o n - t i m e   of  t2  by  p u l s e   18,  as  shown  i n  

F i g u r e   2b.  Dye  z  i s   a n o t h e r   t i m e   s e n s i t i v e   t y p e   t h a t   p r o -  

d u c e s ,   as  shown  in  F i g u r e   2c,   c o l o r   Z  when  a  p u l s e   20  o f  

a t   l e a s t   d u r a t i o n   t3  and  a m p l i t u d e   V4  i s   a p p l i e d   to   t h e  

dye  m a t r i x .  

A  c o m p o s i t e   of  t h e   t h r e e   p u l s e s   16 ,   18  and  20  t h a t   p r o -  
duce   c o l o r s   X',  Y  and  Z  i s   shown  in  F i g u r e   2d.  When  p u l s e  

18  f o r   c o l o r   Y  i s   a p p l i e d   to   t h e   dye  m a t r i x ,   i t   d o e s   n o t  

t r i g g e r   e i t h e r   c o l o r   X  or  Z  s i n c e   i t s   d u r a t i o n   i s   l e s s  

t h a n   t h a t   of  p u l s e s   16  and  20,  t h e   p u l s e s   r e q u i r e d   f o r  

t h o s e   c o l o r s .   When  p u l s e   20  f o r   c o l o r   Z  i s   a p p l i e d   t o  

t h e   dye  m a t r i x ,  i t   does   no t   t r i g g e r   e i t h e r   c o l o r   X  or  Y 

s i n c e   i t s   d u r a t i o n   is   l e s s   t h a n   t h a t   of  p u l s e   16  r e q u i r e d  

f o r   c o l o r   X  and  i t s   a m p l i t u d e   i s   l e s s   t h a n   t h a t   of  p u l s e  

18  r e q u i r e d   to  p r o d u c e   c o l o r   Y.  S i m i l a r l y ,   when  p u l s e   16 

f o r   c o l o r   X  is   a p p l i e d   to  t he   dye  m a t r i x   i t   does   n o t  

t r i g g e r   e i t h e r   c o l o r   Y  or  Z  s i n c e   i t s   a m p l i t u d e   i s   l e s s  

t h a n   t h a t   of  p u l s e s   18  and  20  r e q u i r e d ,   r e s p e c t i v e l y ,   t o  

p r o d u c e   c o l o r   Y  or  c o l o r   Z.  I t   w i l l   be  u n d e r s t o o d   f r o m  

t h e   f o r e g o i n g   t h a t   t he   number   of  p o s s i b l e   p r i n t a b l e  

c o l o r s   is   l i m i t e d   m a i n l y   by  t h e   a b i l i t y   to   f a s h i o n   a  

s u i t a b l e   dye  m a t r i x   and  to  e c o n o m i c a l l y   g e n e r a t e   a n d  

d i r e c t   a p p r o p r i a t e   p r i n t   p u l s e s   to   t h e   p r i n t   e l e c t r o d e s .  

Of  c o u r s e ,   t h i s   must   a l l   o c c u r   w i t h i n   t h e   t ime   span   r e -  

q u i r e d   to  r e a d   i n ,   e x p a n d   and  t h e n   o u t p u t   t he   image  i n -  

f o r m a t i o n   to  t he   p r i n t   e l e c t r o d e s .  



F i g u r e   3  i l l u s t r a t e s   a  b l o c k   d i a g r a m   of  an  image  c o d e r  

and  p r i n t   p u l s e   c o n t r o l l e r   22  t h a t   has   b e e n   i m p l e m e n t e d  

in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n .   I t   c o n s i s t s   o f  

a  c o l o r   code   e x p a n d e r   24,  an  m  x  k  s t o r a g e   a r r a y   26,  n  

p h a s e   s c a n   r e g i s t e r s   28,   "OR"  G a t e s   30,   o u t p u t   e x p a n d e r s  

32  and  p r i n t   e l e c t r o d e   d r i v i n g   c i r c u i t s   34.  In  o p e r a t i o n ,  

c o n t r o l l e r   22  f u n c t i o n s   in  t h e   f o l l o w i n g   m a n n e r .   I n i t i a l -  

l y ,   c o l o r   image   i n f o r m a t i o n   i s   p r o v i d e d   to   c o n t r o l l e r   2 2 ,  

v i a   bus   36,  f rom  an  e x t e r n a l   s o u r c e   ( n o t   s h o w n ) ,   u s u a l l y  

a  h o s t   c o m p u t e r .   T h i s   c o l o r   i m a g e   i n f o r m a t i o n   i s   s t o r e d  

in  b u f f e r   38,  w h i c h   i s   c o n n e c t e d   to   c o l o r   code  e x p a n d e r  

24  by  bus   40,  and  t h e n   g a t e d   i n t o   t h e   c o l o r   code  e x p a n d e r  

24  by  t h e   s y s t e m   c o n t r o l l e r   s y s t e m   c l o c k   ( n o t   s h o w n ) .   T h e  

c o l o r   c o d e   e x p a n d e r   24  e x p a n d s   t h e   c o l o r   image   i n f o r m a t i o n  

f rom  t h e   e x t e r n a l   s y s t e m   i n t o   a  l o c a l   c o d i n g   d a t a   f o r m a t .  

T h i s   e x p a n s i o n   c a p a b i l i t y   i s   i m p o r t a n t   s i n c e   i t   a l l o w s  

t h e   h o s t   s t o r a g e   s y s t e m   to  m e r e l y   r e t a i n   i n f o r m a t i o n   t h a t  

a  c e r t a i n   l o c a t i o n   on  t h e   r e c o r d i n g   medium  is   to  have   a  

p a r t i c u l a r   p i x e l   of  a  g i v e n   c o l o r   i m p r i n t e d   t h e r e u p o n .  

The  a c t u a l   code   f o r   e a c h   p i x e l ,   w h i c h   i s   l o n g e r   t h a n   t h i s  

s o u r c e   i m a g e   i n f o r m a t i o n ,   i s   d e r i v e d   by  and  f o r m a t t e d   i n  

t he   c o l o r   code   e x p a n d e r   24  f o r   e a c h   p r i n t   e l e c t r o d e ,   a s  

s h a l l   be  h e r e i n a f t e r   e x p l a i n e d   in  g r e a t e r   d e t a i l .  

The  n e w l y   f o r m a t t e d   d a t a   i s   l o a d e d   i n t o   s t o r a g e   a r r a y   26 

one  f u l l   word  of  k  b i t s   a t   a  t i m e ,   u n t i l   a r r a y   26  i s  

f i l l e d   or  u n t i l   t h e   s y s t e m   c l o c k   i s   g a t e d   o f f .   Pl  to  P n  

a r e   n o n - o v e r l a p p i n g   p u l s e s ,   see   F i g u r e   5,  t h a t   c o n t r o l  

t he   p h a s e   s c a n   r e g i s t e r s   28.  R e g i s t e r s   28  a r e   t u r n e d  

on  s e q u e n t i a l l y   to  c o m p a r e   t h e   c o n t e n t s   of  a  word  g r o u p  
in  s t o r a g e   a r r a y   26  to   t h e   c o r r e s p o n d i n g   o u t p u t   l i n e s  

of  t h e   a p p r o p r i a t e   s c a n   r e g i s t e r   28,  w h i c h   have   b e e n  

s e t   by  a  p r e d e f i n e d   b i t   p a t t e r n   l o a d e d   i n t o   t h a t   s c a n  

r e g i s t e r .   The  OR  g a t e s   30  a r e   u s e d   f o r   d o t t i n g   t he   c o m -  

p a r e d   r e s u l t s .   The  o u t p u t   e x p a n d e r s   32  d e c o d e   the   OR 



g a t e   30  o u t p u t   s i g n a l s   and  e x p a n d   them  i n t o   a  s e t   o f  

c o n t r o l   s i g n a l s   t h a t   p r o g r a m   t h e   e l e c t r o d e   e n e r g y   m a t r i x  

d r i v e r s   3 4 .  

The  s t o r a g e   a r r a y   26,  as  i s   shown  in  F i g u r e   4,  c o n s i s t s  

of  a  s e r i e s   of  l a t c h e s   42,  one  e a c h   in  e a c h   c e l l   of  t h e  

a r r a y   26.  In  a d d i t i o n   to   t h e   l a t c h e s   42,  e a c h   c e l l  

i n c l u d e s   a  l o g i c   g a t e ,   t he   AND  g a t e s   44.  T h e s e   g a t e s  

fo rm  a  l o g i c   c i r c u i t   means   t h a t   l o g i c a l l y   c o m p a r e   t h e  

o u t p u t   of  l a t c h e s   42  and  t he   p h a s e   s c a n   r e g i s t e r s   2 8 ,  

as  e x p l a i n e d   h e r e i n a f t e r .   Four   c e l l s ,   t h e   f i r s t   two  i n  

w o r d s   one  and  two,   a r e   i l l u s t r a t e d   in  t h i s   F i g u r e .   T h e  

i n c o m i n g   b i t   l i n e   46  f o r   e ach   c e l l ,   s e t s   t h e   l a t c h  

t h e r e i n   a c c o r d i n g   to   t he   l o g i c a l   v a l u e   on  t h a t   l i n e ,  

f o r   e a c h   c l o c k   p u l s e   r e c e i v e d   f rom  t he   c l o c k   c o n t r o l  

g a t e   48.  S e t t i n g   e a c h   l a t c h   a l s o   s e t s   one  i n p u t   to   i t s  

a s s o c i a t e d   AND  g a t e   to   t he   same  l o g i c a l   v a l u e .   The  c e l l  

l a t c h e s   42  a r e   r e a d   o u t   by  g a t i n g   t he   o t h e r   i n p u t   t o  

t h e   AND  g a t e s   w i t h   t h e   p h a s e   s c a n   l i n e s   f o r   t h a t   c e l l ,  

P l l   and  P12  in  t h i s   e x a m p l e .  

The  g e n e r a l   t i m i n g   a s p e c t s   and  r e l a t i o n s h i p s   f o r   r e a d i n g  

d a t a   i n t o   and  t h e n   s e q u e n t i a l l y   s c a n n i n g   i t   ou t   o f  

s t o r a g e   a r r a y   26  a r e   d e p i c t e d   in  F i g u r e   5.  The  d a t a   f o r  

e a c h   s e t   of  p i x e l s   is   l o a d e d   i n t o   a r r a y   26  a t   t he   s t a r t  

of  e a c h   p r i n t   c y c l e   and  t y p i c a l l y   t a k e s   f rom  two  to   f i v e  

m i c r o s e c o n d s ,   d e p e n d i n g   upon  t h e   t y p e   of  h o s t   s y s t e m   i n -  

t e r f a c e   b e i n g   u s e d ,   a s s u m i n g   a  s t a n d a r d   d a t a   t r a n s m i s s i o n  

r a t e .   The  image  r e p r o d u c t i o n   p o r t i o n   of  t h e   p r i n t   c y c l e  
is   a  f u n c t i o n   of  t he   number   of  p h a s e s   and  t h e   s p e e d   o f  

t h e   r e c o r d i n g   m e d i u m .  

The  f o l l o w i n g   e x a m p l e   e x p l a i n s   t h e   p a r t i c u l a r s   of  o p e r -  
a t i o n   of  t h e   p r e s e n t   i n v e n t i o n ,   as  i t   w o u l d   be  e m p l o y e d  

in  a  t y p i c a l   a p p l i c a t i o n .   I t   is   a s s u m e d   t h a t   a  s e v e n  



c o l o r   dye  m a t r i x   has   b e e n   u s e d   to   c o n d i t i o n   t h e   r e c o r d -  

i n g   med ium  s u r f a c e .   As  shown  in  t h e   d i a g r a m   of  F i g u r e  

6,  a  c o m b i n a t i o n   of  e i g h t   v o l t a g e   l e v e l s ,   V0  to   V7,  n e e d  

be  a c c o m m o d a t e d   in  o r d e r   to   s u p p o r t   a  s e v e n   c o l o r   p l u s  

b a c k g r o u n d   p r i n t   o u t p u t   c a p a b i l i t y .   The  b i t   p a t t e r n  

c o r r e s p o n d i n g   to  e a c h   v o l t a g e   l e v e l   i s   p a r e n t h e t i c a l l y  

shown  a l o n g s i d e   t h e   v o l t a g e   l e v e l s   on  t h e   d i a g r a m ' s   v e r -  

t i c a l   a x i s .   As  a l s o   shown  in  t h i s   d i a g r a m ,   t h i s   s u p p o r t  

has   to   e x t e n d   o v e r   t h e   e x p e c t e d   t i m e   r a n g e ,   in  t h i s  

i n s t a n c e ,   f o u r   s c a n   or   t i m e   i n c r e m e n t s ,   Pl  to   P4.  T h e  

c o n t r o l   s y s t e m   s h o u l d   a l s o   be  c a p a b l e   of   s i m u l t a n e o u s l y  

c o n t r o l l i n g   a t   l e a s t   256  e l e c t r o d e   d r i v e r s ,   t h e   n u m b e r  

n e e d e d   to   p r i n t   a t   l e a s t   256  p i c t u r e   e l e m e n t s   p e r   i n c h  

( p i x e l s )   e f f e c t i v e l y .  

I t   w i l l   r e q u i r e   a  min imum  of  t h r e e   b i t s   of  c o d e d   s o u r c e  

i m a g e   i n f o r m a t i o n   to   r e p r e s e n t   t h e   n e c e s s a r y   e i g h t   v o l t a g e  

l e v e l s   and  t h e r e b y   e x e r c i s e   f u l l   s e v e n   c o l o r   and  b a c k -  

g r o u n d   c o n t r o l   o v e r   e a c h   e l e c t r o d e .   A l t h o u g h   many  c o d i n g  

s c h e m e s   w i l l   w o r k ,   a  code   of  ' 0 0 0 '   has   b e e n   a s s i g n e d  

f o r   t h e   b a c k g r o u n d ,   t h a t   i s ,   no  c o l o r   i s   to   be  p r i n t e d ,  

and  a  code   of  ' 0 0 1 '   has   b e e n   a s s i g n e d   f o r   t h e   c o l o r   y e l l o w ,  

an  e x a m p l e   c o l o r   whose   v o l t a g e   p r o f i l e   20  i s   g i v e n   in  t h e  

F i g u r e   6  d i a g r a m .   The  r e m a i n i n g   p o s s i b l e   t h r e e   b i t   c o d e s  

w o u l d   be  a s s i g n e d   to   t h e   s i x   r e m a i n i n g   c o l o r s .   Each  w o r d  

l o c a t i o n   of  s t o r a g e   a r r a y   26  i s   l o g i c a l l y   d i v i d e d   i n t o  

and  h a n d l e d   as  a  p r e d e t e r m i n e d   n u m b e r   of  f i e l d s   t h a t  

c o r r e s p o n d s   to  t h e   n u m b e r   of  p u l s e   d u r a t i o n   i n c r e m e n t s ,  

in   t h i s   c a s e   f o u r ,   Pl  to   P4.  Each   f i e l d   c o n s i s t s   of  a s  

many  b i t s   of  d a t a   as  i t   w i l l   t a k e   to   r e p r e s e n t   one  o f  

t h e   r e q u i r e d   v o l t a g e   l e v e l s ,   in   t h i s   i n s t a n c e   t h r e e   b i t s  

of  d a t a   f o r   a n y  o n e   of  t h e   e i g h t   v o l t a g e s   VO  to  V 7 .  

F i g u r e   7  s c h e m a t i c a l l y   i l l u s t r a t e s   t h e   ma in   o p e r a t i o n a l  

c o n t r o l   f l o w   f o r   a  s e v e n   c o l o r   dye  m a t r i x   p r i n t i n g   c o n -  



t r o l l e r .   D u r i n g   t h e   d a t a   l o a d i n g   c y c l e ,   c o l o r   image  i n -  

f o r m a t i o n   f rom  t h e   h o s t   s y s t e m   i s   e x p a n d e d   i n t o   t w e l v e  

b i t   w o r d s   of  l o c a l   c o d e ,   in  f o u r   s c a n   g r o u p s   or  f i e l d s  

of  t h r e e   b i t s   e a c h ,   by  the   c o l o r   code   e x p a n d e r   24.  T h i s  

l o c a l   code   i s   t h e n   s h i f t e d   i n t o   s t o r a g e   a r r a y   26,  o n e  

f u l l   word  a t   a  t i m e ,   u n t i l   a r r a y   26  i s   f i l l e d   or  t h e  

c l o c k   i s   g a t e d   o f f   by  AND  g a t e   48.  T h e r e   w i l l   be  one  w o r d  

of  l o c a l   code   s u p p l i e d   f o r   e a c h   e l e c t r o d e   t h a t   i s   u s e d .  

T h u s ,   a r r a y   26  w i l l   be  a t   l e a s t   t w e l v e   b i t s   wide   and  256  

w o r d s   d e e p   f o r   t h i s   e x a m p l e .   A s s u m i n g   t h a t   a  y e l l o w  

c o l o r e d   p i x e l   i s   to   be  p r o d u c e d   by  p u l s e   20  a t   o u t p u t  

e l e c t r o d e   1 0 - 1 ,   t h e   h o s t   w i l l   f o r w a r d   t h e   code   ' 0 0 1 '   t o  

c o n t r o l l e r   22,  w h e r e   i t   is   e x p a n d e d   i n t o   a  l o c a l   c o n t r o l  

word  by  code   e x p a n d e r   24.  T h i s   c o r r e s p o n d i n g   c o n t r o l  

w o r d ,   w h i c h   i s   l o a d e d   i n t o   a  s t o r a g e   a r r a y   26,  w i l l   b e  

'100   100  100  0 0 0 ' ,   a  r e p r e s e n t a t i o n   of  v o l t a g e   l e v e l s  

V4,  V4,  V4  and  VO  f o r   t he   t ime   i n c r e m e n t s   P1,  P2,  P2  

and  P4,  r e s p e c t i v e l y ,   in  c o n f o r m i t y   w i t h   t h e   p u l s e  

p r o f i l e   shown  in  F i g u r e   6 .  

T h i s   c o n d i t i o n   i s   s c h e m a t i c a l l y   i l l u s t r a t e d   in  F i g u r e   8 ,  

w h e r e i n   t h e   p r o p e r   c o n t r o l   word  f o r   a  y e l l o w   c o l o r e d  

p i x e l   i s   shown  as  h a v i n g   been   l o a d e d   i n t o   t h e   f i r s t   w o r d  

l o c a t i o n   of  s t o r a g e   a r r a y   26.  The  f i r s t   s c a n   r e g i s t e r   P1 

has   b e e n   t u r n e d   on,   t he   o t h e r   s c a n   r e g i s t e r s   a r e   t u r n e d  

o f f ,   and  o n l y   s c a n   l i n e s   P11,  P12  and  P13  a r e   s e t   t o  

l o g i c a l   " 1 " s ,   to   t h e r e b y   r e a d   o u t   t h e   d a t a   in  t he   f i r s t  

f i e l d   of  word  o n e .   S i n c e   the   l a t c h   42-1   d e t e r m i n e d   i n p u t  

to  AND  g a t e   44-1   i s   "1"  fo r   t h i s   e x a m p l e ,   s e t t i n g   i t s  

o t h e r   i n p u t   l i n e   P11  to  a  l o g i c a l   "1"  b r i n g s   t he   o u t p u t  

of  AND  g a t e   44-1   to   a  l o g i c a l   " 1 " .   In  a  s i m i l a r   m a n n e r ,  

t he   i n p u t s   to   AND  g a t e s   44-2  and  44-3   f rom  l a t c h e s   4 2 - 2  

and  42-3   and  l i n e s   P12  and  P13  s e t   t h e   o u t p u t   of  AND  g a t e  
44-2  to  a  l o g i c a l   "0"  and  t he   o u t p u t   of  AND  g a t e   44-3   t o  

a  l o g i c a l   "0" .   OR  g a t e s   3 0 - 1 ,   30-2   and  30 -3   r e c e i v e   t h e  



o u t p u t ,   r e s p e c t i v e l y ,   of  AND  g a t e s   4 4 - 1 ,   44-2  and  4 4 - 3 .  

T h e s e   o u t p u t s   a r e   d o t t e d   by  e a c h   OR  g a t e   and  t h e r e b y   h a v e  

t h e i r   o u t p u t s   s e t   in  a c c o r d a n c e   t h e r e w i t h .   T h u s ,   t h e   o u t -  

p u t   of  OR  g a t e   30-1   is   s e t   to  a  l o g i c a l   " 1 " ,   t h e   o u t p u t  

of  OR  g a t e   30 -2   i s   s e t   to  a  l o g i c a l   "0"  and  t h e   o u t p u t  

of  OR  g a t e   30 -3   i s   s e t   to  a  l o g i c a l   "0"  by  t h e   f i r s t  

d u r a t i o n   s c a n n i n g   a c t i o n .   An  o v e r a l l   t i m i n g   d i a g r a m   o f  

t he   d a t a   l o a d i n g   and  image   r e p r o d u c t i o n   f o r   t h i s   s e v e n  

c o l o r   c o n t r o l l e r   22  i s   shown  in  F i g u r e   9.  For   t h i s  

e x a m p l e ,   as  n o t e d   t h e r e i n ,   t h e   d a t a   l o a d i n g   p o r t i o n   o f  

t he   e n t i r e   p r i n t   c y c l e   t a k e s   a b o u t   two  to   f i v e   m i c r o s e -  

c o n d s ,   d e p e n d i n g   upon   t h e   t y p e   of   i n t e r f a c e   u s e d ,   w h i l e  

t he   image   r e p r o d u c t i o n   p o r t i o n   of   t h e   p r i n t   c y c l e   t a k e s  

a p p r o x i m a t e l y   two  h u n d r e d   m i c r o s e c o n d s .  

O u t p u t   e x p a n d e r   32  i s   c o n n e c t e d   to   t h e   o u t p u t   of  t h e   OR 

g a t e s   3 0 - 1 ,   3 0 - 2   and  3 0 - 3 .   I t   i s   a d a p t e d   to  d e c o d e   t h e  

b i t   p a t t e r n ,   in  t h i s   i n s t a n c e   ' 1 0 0 ' ,   p r e s e n t   a t   i t s   i n -  

pu t   and  to   a c t i v a t e   t he   v o l t a g e   l i n e   V4  c o r r e s p o n d i n g  

t h e r e t o .   T h i s   w i l l   f o r c e   t he   p r i n t   e l e c t r o d e   e n e r g y  
m a t r i x   d r i v e r   34  to   s e t   i t s   o u t p u t   v o l t a g e   to   t h e   a m p l i -  

t u d e   r e p r e s e n t e d   by  V4,  t h e   r e q u i r e d   v o l t a g e   f o r   t h e   f i r s t  

t ime   i n c r e m e n t   of  t h e   F i g u r e   6  e x a m p l e   p u l s e .   In  a  s i m i -  

l a r   m a n n e r ,   when  P1  goes   down  and  P2  comes  up,   P3  and  P4 

r e m a i n i n g   down,   a n o t h e r   ' 1 0 0 '   b i t   p a t t e r n   w i l l   be  p r o -  
d u c e d   a t   t h e   o u t p u t s   of  t he   t h r e e   "OR"  g a t e s   3 0 - 1 ,   3 0 - 2  

and  30-3  as  s c a n   l i n e s   P21,   P22  and  P23  a r e   s e t   to  l o g i c -  

al   " 1 " s .   T h i s   b i t   g r o u p   w i l l   t h e n   be  d e c o d e d   by  t h e   o u t -  

pu t   e x p a n d e r   32  and  a c t i v a t e   i t s   V4  l i n e   f o r   a p p r o p r i a t e  

e l e c t r o d e   o u t p u t .   T h i s   s c a n n i n g   a c t i v i t y   w i l l   c o n t i n u e  

t h r o u g h   p h a s e s   P3  and  P4,  f i r s t   s e t t i n g   scan   l i n e s   P 3 1 ,  

P32  and  P33  to   l o g i c a l   " 1 " s   and  t h e n   s c a n   l i n e s   P41,   P 4 2  

and  P43,   to  p r o v i d e   t he   p r i n t   e l e c t r o d e   10-1  w i t h   t h e  

r e m a i n d e r   of  t h e   p u l s e   p r o f i l e   20  shown  in  F i g u r e   6.  T h a t  

p u l s e   p r o f i l e   was  c o m p l e t e d   by  s c a n n i n g   a r r a y   26  d u r i n g  



p h a s e s   3  and  4  to   p r e s e n t   v o l t a g e   l e v e l   V4  to  e l e c t r o d e  

10-1  d u r i n g   s c a n n i n g   p h a s e   3  and  v o l t a g e   l e v e l   VO  d u r i n g  

s c a n n i n g   p h a s e   4.  The  a b o v e - d e s c r i b e d   s e q u e n c e   o c c u r s   s i -  

m u l t a n e o u s l y   f o r   t h e   o t h e r   255  o u t p u t   d r i v e r s   to  c r e a t e  

t h e   c o l o r   p i x e l   or  b a c k g r o u n d   t h a t   e a c h   d r i v e r   has   b e e n  

p r o g r a m m e d   to  p r o d u c e .  

By  r e l e a s i n g   t h e   c l o c k   c o n t r o l   AND  g a t e   48  a f t e r   t h e  

a r r a y   has   b e e n   c o m p l e t e l y   s c a n n e d ,   a  new  s e t   of  l o c a l  

c o d e d   image   i n f o r m a t i o n   can  be  l o a d e d   in  s t o r a g e .   How-  

e v e r ,   by  i n h i b i t i n g   t h e   r e l e a s e   of  c l o c k   c o n t r o l   AND 

g a t e   48,  i t   i s   p o s s i b l e   to  r e p e a t   t h e   same  image   a t  

e v e r y   o u t p u t   w i t h o u t   h a v i n g   to  r e l o a d   d a t a .   To  f u r t h e r  

e n h a n c e   s y s t e m   f l e x i b i l i t y   and  p o w e r ,   t h e   i n f o r m a t i o n  

in  e a c h   of  t h e   p h a s e   f i e l d   r e g i s t e r s   28  c o u l d   be  p r e - s e t  

to  b i t   c o m b i n a t i o n s   o t h e r   t h a n   a l l   " I " s ,   f o r   t h e   e x a m p l e  

g i v e n ,   or  a l l   " 0 " s   in  t h e   c a s e   of  n e g a t i v e   l o g i c .   T h i s  

wou ld   e n a b l e   s e l e c t i o n   and  m a s k i n g   of  a r r a y   c o l u m n s   w i t h -  

in  a  g i v e n   p h a s e   to   y i e l d   a  v a r i a b l e   s can   f i e l d   l e n g t h  

t h a t   w o u l d   be  u s e f u l ,   f o r   e x a m p l e ,   in  p r o v i d i n g   d y n a m i c  

g r a y   s c a l e   c o n t r o l   or  hue  g r a d a t i o n .   T h u s ,   f o r   e x a m p l e ,  

i f   y e l l o w   p i x e l   w e r e   to  be  p r i n t e d   and  i t   we re   d e s i r e d  

to  p r i n t   i t   d a r k e r   t h a n   n o r m a l ,   t h e   same  word  f o r   y e l l o w  

would   be  s t o r e d   in   t he   memory  a r r a y   26  w i t h   i t s   l a s t  

t h r e e   b i t s   s e t   to  l o g i c a l   " 1 " s   and  t he   p h a s e   l i n e   b i t  

p a t t e r n   f o r   p h a s e   4  a l t e r e d   to  p r o v i d e   w h a t e v e r   v o l t a g e  

l e v e l   would   be  a p p r o p r i a t e   f o r   t h a t   l a s t   p r i n t i n g   i n c r e -  

m e n t .   I t   w o u l d   t h e r e b y   be  p o s s i b l e   to  p r i n t   a  n o r m a l  

y e l l o w   f i n a l   i n c r e m e n t   by  u s i n g   a  p h a s e   4  b i t   p a t t e r n  
of  ' 0 0 0 ' ,   as  was  done   in  t he   e x a m p l e   a b o v e ,   or  a  d a r k e r  

y e l l o w   p i x e l   by  u s i n g   a  ' 0 1 0 '   b i t   p a t t e r n   in  p h a s e   4  f o r  

t h i s   d u r a t i o n   s e n s i t i v e   d y e .  



1.  A p p a r a t u s   f o r   c o n t r o l l i n g   a  p l u r a l i t y   of  o u t p u t  

n o d e s   (10)  by  s e l e c t i v e l y   p r o v i d i n g   a t   e a c h   o u t p u t  
node   (10)  one  of   a  n u m b e r   of  p r e d e t e r m i n e d   p u l s e s  

in  r e s p o n s e   to   t h e   r e c e i p t   of  i n f o r m a t i o n   f rom  a n  

e x t e r n a l   s o u r c e   d e f i n i n g   t h e   d e s i r e d   s t a t e   of   e a c h  

o u t p u t   node   (10)  a t   a  p a r t i c u l a r   i n s t a n t   of  t i m e ,  

e a c h   of   s a i d   p u l s e s   b e i n g   one  in  a  m a t r i x   t h e r e -  

o f ,   s a i d   m a t r i x   h a v i n g   a  p r e d e t e r m i n e d   number   o f  

a m p l i t u d e   and  d u r a t i o n   i n c r e m e n t s ,   s a i d   c o n t r o l  

a p p a r a t u s   c o m p r i s i n g :  

a)  code   e x p a n s i o n   means   ( 2 4 ) ,   c o n n e c t e d   to   s a i d  

e x t e r n a l   s o u r c e ,   f o r   e x p a n d i n g   i n f o r m a t i o n  

r e c e i v e d   i n t o   a  l o c a l   f o r m a t   of  m  c o d e d   w o r d s  

of  k  b i t s   e a c h ,   t h e r e   b e i n g   one  such   word  f o r  

e a c h   o u t p u t   node   ( 1 0 ) ,   e a c h   of  s a i d   w o r d s  

b e i n g   f o r m e d   of   b i t   g r o u p s ,   one  g r o u p   f o r  

e a c h   of  s a i d   p u l s e   d u r a t i o n   i n c r e m e n t s ,   s a i d  

b i t s   of  e a c h   g r o u p   d e f i n i n g   a n y  o n e   of  s a i d  

p u l s e   a m p l i t u d e   i n c r e m e n t s ;  

b)  s t o r a g e   means   (26)  h a v i n g   a  p l u r a l i t y   o f  

a c c e s s i b l e   c e l l s ,   c o n n e c t e d   to  s a i d   c o d e  

e x p a n s i o n   m e a n s   ( 2 4 ) ,   f o r   r e c e i v i n g   and  s t o r -  

i ng   t h e r e i n   a l l   of   s a i d   coded   w o r d s ,   one  b i t  

of  e a c h   word   p e r   c e l l ;  

c)  a  p l u r a l i t y   of   s c a n n i n g   r e g i s t e r   means   ( 2 8 ) ,  

one  f o r   e a c h   d u r a t i o n   i n c r e m e n t   of  s a i d   p u l s e s ,  

e a c h   h a v i n g   a  p r e d e f i n e d   b i t   p a t t e r n   s t o r e d  

t h e r e i n   and  c o n n e c t e d ,   r e s p e c t i v e l y ,   one  t o  

e a c h   and  t h e   same  g r o u p   of  s t o r a g e   c e l l s   f o r  



s c a n n i n g   s a i d   s t o r a g e   c e l l s   w i t h   s a i d   p r e d e -  
f i n e d   b i t   p a t t e r n ;  

d)  l o g i c   c i r c u i t   means   (30)  c o n n e c t e d   to   r e c e i v e  

t h e   o u t p u t   of  s a i d   s t o r a g e   c e l l s   f o r   l o g i c a l l y  

c o m p a r i n g   the   b i t s   s t o r e d   t h e r e i n   to   s a i d   b i t  

p a t t e r n s   of  s a i d   s c a n n i n g   r e g i s t e r   means   ( 2 8 )  

and  f o r   p r o d u c i n g   an  o u t p u t   t h a t   i s   a  l o g i c a l  

c o m b i n a t i o n   of  e a c h   s t o r a g e   c e l l   b i t   and  t h e  

c o r r e s p o n d i n g   b i t   of  s a i d   p r e d e f i n e d   s c a n n i n g  

r e g i s t e r   b i t   p a t t e r n ;  

e)  o u t p u t   node  c i r c u i t   means   (32 ,   34)  c o n n e c t e d  

b e t w e e n   s a i d   l o g i c   c i r c u i t   means   (30)  and  s a i d  

o u t p u t   n o d e s   ( 1 0 ) ,   f o r   r e c e i v i n g   t he   o u t p u t  
of  s a i d   l o g i c   c i r c u i t   means   (30)  and  f o r   r e -  

s p o n s i v e l y   c o n v e r t i n g   s a i d   o u t p u t   to  t h e   a p p r o -  

p r i a t e   a m p l i t u d e   i n c r e m e n t   f o r   e a c h   of  s a i d  

o u t p u t   n o d e s ;   a n d  

f)  t i m i n g   c i r c u i t   means   c o n n e c t e d   to  s a i d   c o d e  

e x p a n s i o n   means  ( 2 4 ) ,   s a i d   s t o r a g e   means   ( 2 6 )  

and  s a i d   s c a n n i n g   r e g i s t e r   means   (28)  f o r  

c a u s i n g   s a i d   e x t e r n a l   s o u r c e   i n f o r m a t i o n   t o  

be  s h i f t e d   i n t o   s a i d   code   e x p a n s i o n   means   ( 2 4 ) ,  

f o r   c a u s i n g   s a i d   c o d e d   w o r d s   to   be  s h i f t e d  

from  s a i d   code  e x p a n s i o n   means   (24)  to  s a i d  

s t o r a g e   means   (26)  and  f o r   c a u s i n g   s a i d   s c a n n -  

ing   r e g i s t e r   means  (28)  to  s e q u e n t i a l l y   s c a n ,  

by  g r o u p ,   s a i d   c e l l s   of  s a i d   s t o r a g e   m e a n s  
w i t h   w h i c h   t h e y   a r e   a s s o c i a t e d .  

2.  The  a p p a r a t u s   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   s a i d  

o u t p u t   nodes   a r e   the   p r i n t   e l e c t r o d e s   of  a  d o t  

m a t r i x   p r i n t e r   (10)  and  w h e r e i n   e a c h   b i t   of  s a i d  



p r e d e f i n e d   b i t   p a t t e r n   s t o r e d   in  e a c h   of  s a i d  

s c a n n i n g   r e g i s t e r s   (28)  i s   l o g i c a l l y   d e f i n e d   i n  

a c c o r d a n c e   w i t h   t h e   d e s i r e d   i n t e n s i t y   to  be  p r o -  
d u c e d   by  i t s   a s s o c i a t e d   and  c o n t r o l l e d   e l e c t r o d e s .  

3.  The  a p p a r a t u s   a c c o r d i n g   to   c l a i m   1  or  2,  w h e r e i n  

e a c h   b i t   of  s a i d   p r e d e f i n e d   b i t   p a t t e r n   s t o r e d   i n  

e a c h   of  s a i d   s c a n n i n g   r e g i s t e r s   i s   l o g i c a l l y   d e -  

f i n e d   in  a c c o r d a n c e   w i t h   t h e   d e s i r e d   e f f e c t i v e  

d u r a t i o n   of   e a c h   d u r a t i o n   i n t e r v a l .  

4.  The  a p p a r a t u s   a c c o r d i n g   to   c l a i m   3,  w h e r e i n   e a c h  

b i t   of  s a i d   p r e d e f i n e d   b i t   p a t t e r n   s t o r e d   in  e a c h  

of  s a i d   s c a n n i n g   r e g i s t e r s   (28)  i s   l o g i c a l l y   t h e  

s a m e .  

5.  The  a p p a r a t u s   a c c o r d i n g   to   c l a i m   1,  3,  or  4,  w h e r e -  

in   s a i d   o u t p u t   node   c i r c u i t   means   i n c l u d e s   f u r t h e r  

code   e x p a n s i o n   means   ( 3 2 ) ,   c o n n e c t e d   to  t he   o u t p u t  

of  s a i d   l o g i c   c i r c u i t   means   ( 3 0 ) ,   f o r   e x p a n d i n g   t h e  

l o g i c a l   o u t p u t   t h e r e o f   i n t o   t h e   p r o p e r   p u l s e   a m p l i -  

t u d e   f o r   e a c h   d u r a t i o n   i n c r e m e n t   f o r   each   of  s a i d  

o u t p u t   n o d e s .  

6.  The  a p p a r a t u s   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   s a i d   o u t -  

p u t   n o d e s   c o n t r o l   p r i n t   e l e c t r o d e s   (10)  of  a  d o t  

m a t r i x   c o l o r   p r i n t e r   w i t h   a  r e c o r d i n g   medium  w h o s e  

s u r f a c e   i n c l u d e s   a  p l u r a l i t y   of  d y e s ,   e a c h   dye  b e i n g  

r e s p o n s i v e   to  one  of  a  s e t   of  u n i q u e   p u l s e s   of  p r e -  
d e t e r m i n e d   a m p l i t u d e   and  d u r a t i o n   a p p l i e d   to  any  o f  

s a i d   p r i n t   e l e c t r o d e s   ( 1 0 ) ,   s a i d   p u l s e s   h a v i n g   a 

p r e d e t e r m i n e d   maximum  number   of  a m p l i t u d e   and  d u r a -  

t i o n   i n c r e m e n t s .  



7.  The  a p p a r a t u s   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   t he   i n -  

f o r m a t i o n   d e f i n i n g   t he   d e s i r e d   v o l t a g e   s t a t e   of  e a c h  

p r i n t   e l e c t r o d e   (10)  a t   a  p a r t i c u l a r   i n s t a n t   of  t i m e  

is   a v a i l a b l e   f rom  an  e x t e r n a l   s o u r c e .  














	bibliography
	description
	claims
	drawings

